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NONPROVISIONAL APPLICATION FOR LETTERS PATENT 
UNITED STATES OF AMERICA 
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Be it known that I, Jan Plummer, a citizen of the United 
States of America, have invented certain new and useful 
improvements in a 

10 

SYSTEM AMD METHOD TO ENHANCE REPRODUCTION OF SUB-BASS 

FREQUENCIES 
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wherein the rights thereto are assigned in their entirety to 
Virtual Bass Technologies, LLC, and of which the following is 
a specification: 
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SYSTEM AND METHOD TO ENHANCE REPRODUCTION OF SUB-BASS 

FREQUENCIES 

CROSS-REFERENCE AND PRIORITY CLAIM 
TO RELATED PATENT APPLICATION 

To the full extent permitted by law, the present 
continuation application claims priority to and the benefit of 
non-provisional application entitled "System and Method to 
Enhance Reproduction of Sub-Bass Frequencies/' filed November 
19, 1999, having assigned Serial No. 09/443,343. 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

The invention relates to loudspeaker systems. In 
particular, the invention relates to loudspeaker systems that 
enhance the reproduction of sub-bass frequencies. 

2. DESCRIPTION OF PRIOR ART 

The major obstacle in accurately reproducing bass 
frequencies is that of providing consistent acoustic loading 
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of the driver cone at lower frequencies, that is to say 
frequencies having long wavelengths. In air, the acoustic 
length of a 20Hz signal is 56 ft. Therefore, the cone of the 
driver must have a constant acoustic impedance presented to it 

5 throughout the entire wavelength of the signal if distortion 
and signal loss are to be avoided. This occurs when the cone 
moves but does not linearly pressurize the adjacent air mass 
as a signature of the electrical signal input. This 
requirement contributes directly to the cost of true low 

10 frequency sound reproducers, because bass frequencies below 
100 Hz become more difficult to produce as the driver 
dimensions and enclosure volume become small relative to the 
wavelength. Moreover, room acoustics makes bass systems even 
more difficult to integrate sonically without expensive 

15 hardware and impractical and costly interior modifications. 

In the early 1950' s the acoustic suspension enclosure for 
loudspeakers was developed which allowed bass response to be 
extended. When combined with a smaller enclosure and a driver 
20 with a heavy long throw mechanism, a low frequency driver 
substituted efficiency for low bass extension. The bass 
reflex enclosure was introduced earlier and popularized in the 
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1960's by Theile and Small to produce more efficient high Q 
bass response (boomy) and was easy to manufacture. 

From those early days up to the present, virtually all 
5 successfully marketed loudspeakers use some variation of such 
enclosures . 

In an effort to satisfy the general population, the audio 
industry has concentrated on bass magnitude (High Q) rather 
10 than quality (critical damping) , and as a result, such 
convention will only support cost effective strategies for 
volume production. 

Accordingly, the bass reflex enclosure system dominates 
15 in popularity as it can achieve a balanced pressure dynamic 
operation at high levels. Thus, it is the most efficient 
speaker design for its size and least costly to manufacture. 
Reflex systems are designed to produce the lowest frequencies 
at the box resonance as output falls at a rate of 24db/oct 
20 below that frequency. This is caused by close coupled 
acoustic phase cancellations that occur in conjunction with 
the unloading of the driver and port simultaneously. 
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In addition, signal purity is comprised in several ways 
with reflex systems as two distinctive radiating sources are 
producing the same signals at opposing phases. The system is 
(periodic) resonant by design and therefore unstable in its 
5 damping characteristics. Proper T/S alignment is a must and 
some loss in transient response is still unavoidable. The 
rapid roll off (24db/oct) below resonance and Q variations 
makes cost effective designs unnaturally boomy in sound 
quality as the compromises impact overall realism. 

10 

Over the years, there have been many attempts to design 
and build an efficient and useful bass reflex speaker system. 

For instance, U.S. Patent 3,684,051 shows a bass reflex 
loudspeaker cabinet incorporating speakers and a corrugated 
15 cardboard acoustic duct. However, since the duct is formed of 
cardboard, the overall sub-bas frequency response of the 
speaker is impaired. 

U.S. Patent 3,690,405 shows a loudspeaker having a pair 
20 of acoustic cavities coupled by a port aperture. The port 
aperture is included in one of the cavities, and the second 
cavity may include dampening. The speaker is mounted in the 
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first cavity- Unfortunately, this structure is complicated in 
design and requires expensive manufacturing procedures. 

U.S. Patent 4,714,133 shows a loudspeaker having an 
5 enclosure, a cone driver, ports and an acoustic resonator. 
The resonator defines front and rear cavities, and serves as 
the focal point for all radiated or vibration induced audio 
energy. The ports serve as pressure relief valves to support 
driver activation of the resonate screen, as a means for 
10 matching the driver and the enclosure low frequency resonance, 
and as a sound dispersion device around the enclosure to 
create the illusion that sound is not driver oriented but is 
emanating externally of the enclosure. Nevertheless, sub-bass 
frequencies are not accurately reproduced by this loudspeaker. 

15 

U.S. Patent 5,514,841 shows a reflex compression valve- 
divided chamber speaker cabinet having a ported speaker baffle 
chamber, a chamber divider, polyester batting, and a tuned 
free-flow air slot. The speaker operates on the principle of 
20 controlling both compressed and decompressed air flow within 
the ported speaker baffle chamber by means of the chamber 
divider, which controls air flow past the divider to form a 

valve combined with the slot. Unfortunately, this speaker 
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cabinet is complicated in structure and design, and does not 
offer significant bass response. 

In general, none of the previously discussed 
5 loudspeakers are suitable for efficient reproduction of sub- 
bass frequencies, that is to say, frequencies below 100 Hz, 
without comprising on the quality of low bass signal 
reproduced. None of these designs emphasizes to shorten the 
wavelengths of sub-bass frequencies for proper loading of the 
10 driver. 

Therefore, a need exists for a speaker capable of 
reproducing sub-bass signals without compromising overall 
acoustic quality or imposing an undesirable restriction on 
15 either the listening environment, or the physical size and 
decorative appearance of the speakers. 

SUMMARY OF THE INVENTION 

20 Accordingly, it is an object of the present invention to 

provide a full range loudspeaker which offers the beneficial 
attributes of bass reflex operation while eliminating the 
adverse effects. 

7 
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It is another object of the present invention to provide 
a sub-bass loudspeaker that is efficient, has low cone mass 
and offers low excursion at its lowest frequencies. 

5 It is a further object of the present invention to 

provide a sub-bass loudspeaker capable of shielding the driver 
from signals reflected by the walls of the listening room, or 
signals which normally alter the radiation resistance and 
frequency response of the driver cone. 

10 

It is yet another object of the present invention to 
provide in one enclosure, a full range loudspeaker system such 
as a bass reflex speaker system, a subwoofer system or an 
auxiliary audio/video product (TV, radio, etc.). 

15 

It is a further object of the present invention to 
provide a loudspeaker having diminished physical vibration 
from the speaker cabinet. 

20 It is yet a further object of the present invention to 

provide a sub-bass loudspeaker that is physically small, 
attractive and cost effective. 
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Further objects and advantages of the invention will 
become more readily apparent in view of the following detailed 
description of the preferred embodiments of the invention. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, aspects and advantages 
of the present invention will be better understood from the 
following detailed description of preferred embodiments of the 
10 invention with reference to the drawings, in which: 

FIGURE 1 is a sectional side view of a VARTL modified 
bass reflex speaker system; 

15 FIGURE 2 is a front view of a VARTL modified bass reflex 

speaker; 

FIGURE 3 is a side view of a conical embodiment of a 
VARTL; 

20 

FIGURE 4 is a VARTL modified bass reflex speaker system 
using as a RRAWG; 
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FIGURE 5 is a VARTL system with EARTL employed for 
smaller sub-bass systems; and 

FIG. 6 is a frequency response comparison of two 
5 different sized sub-woofers. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The speaker system 1 of the present invention is clearly 
10 shown in FIGURE 1. 

Throughout this discussion, the terms bass-reflex and 
reflex are interchangeably used and are meant to denote the 
type of loudspeaker suitable for reinforcing low frequency 
15 acoustic energy. The standard parts required for normal bass 
reflex loudspeaker operation are: a speaker port, speaker and 
box. A passive network or active amplification-crossover 
system is necessary for sub-bass or bass only operation. 

The speaker system 1 of the present invention includes 
20 reflex chamber speaker cabinet 10, a dynamic driver 22, 
waveguides 14, 20, a tuned port 13, a relatively dense 
reactive element, hereinafter referred to as an alternate 

10 
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density transmission medium (ADTM) 18, a radial right angle 
wave guide (RRAWG) 16, and a virtual acoustic radial 
transmission line (VARTL) 12. 

The cabinet 10 supports all components of the system 1. 
5 The cabinet 10 is provided with contact supports 11 which 
serve as feet upon which the cabinet 10 rests. The system 1 
may rest upon the floor or may be supported against a 
vertically disposed wall. 

The dynamic driver 22 includes a driver cone 24 front 
10 portion. The reactive element 18 serves as the load for the 
driver cone 24 and slows the speed of the wave causing delay 
and intentional attenuation through radial expansion. 

The driver cone 24 introduces a signal into the throat of 
the RRAWG 16. The waveguides 14, 20, in conjunction with the 

15 reactive element ADTM 18, form the VARTL 12. The density of 
the reactive element 18 and spacing of the waveguides 14, 20 
determine the velocity of the wave through the VARTL 12. This 
velocity controls the air mass within the cabinet 10 with 
essentially equal pressure on each cycle throughout the 

20 frequency range of the system 1. The throat area of the RRAWG 
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16 and the port 13 area should be similar to allow air to 
enter and exit the system 1 at similar rates. 

Operation of the ADTM 18 will now be explained. The 
pressure wave enters the radial throat 30 of the VARTL 12, 
5 intersecting the ADTM 18 at a narrow angle. A first layer of 
the airwave encounters the ADTM 18, causing the wave to slow. 
Viscosity between molecules causes adjacent layers to slow but 
at decreasing rates. The air molecules begin to tumble, 
faster in the center, thereby causing a rolling action of the 

10 wave as it alternates direction trough the VARTL 12. This 
rolling action creates synthetically a higher air density for 
the dynamically changing air pressure wave. This constitutes 
a physical delay and shortened wavelength as the wave passes 
through the VARTL 12. The wave is therefore in constant air 

15 fluid pressure contact with the cone 24 throughout the cycle, 
even though it will be of extremely long wavelength in normal 
air density, as emitted at the port 13. The result produces 
linear motion of the cone 24 due to the fact that there is no 
pressure build up. In addition, higher bass frequencies are 

20 attenuated with VARTL 12 length. 

Referring to FIG. 2, the VARTL 12 comprised a mouth area 
34 that includes the waveguide 14. Directly behind the 
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waveguide 14 is disposed another waveguide 16, hereinafter 
referred to as a radial right angle waveguide (RRAWG) 16. The 
RRAWG is located at the center of the waveguide 14. 

The ADTM 18 is disposed directly behind the waveguide 14. 
5 The ADTM 18, in conjunction with the waveguides 14 and 20, 
slows the speed of the wave, thereby causing the wavelength to 
shorten and dissipate, and through radial expansion, allows 
the correct exit velocity of the wave. The exit velocity of 
the wave through the ADTM 18 impinges upon waveguide 20, 
10 wherein waveguide 20 is a baffle board layered with the ADTM 
18 and serves as a third wave guide. An external panel member 
14 can alternatively be layered with the ADTM 18. 

A linear pressure wave is created at the port 13 by 
causing a constant pressure to exist on the front of the 
15 driver cone 24, which acting like a throttle, drives the port 
13 below and above the resonant frequency of the cabinet 10 
with 12db/oct high pass and low pass filtering. 

The RRAWG 16 introduces the signal into the throat 30 of 
the VARTL 12, and the mouth area of the RRAWG 16 is 
20 essentially the same as the port 13 area, thus allowing the 
cone 24 to drive the port air mass and the VARTL air mass with 
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approximately the same pressure on each cycle throughout the 
frequency range of the VARTL 12. Driving the port 13 in this 
manner increases the overall efficiency of sub-bass operation, 
while reducing the effective output of the VARTL 12, 

5 The port 13 unloads as a result of declining driver and 

port area, not as a result of lack of linear loading of the 
driver cone 24. Thus, the effective high pass slope becomes 
12db/oct. The effective radiating area of the port 13 is 
enhanced when it is loaded into the floor improving the roll 
10 off to 9db/oct. Since the port 13 is being effectively driven 
at the driver, box and port resonance, the port 13 output is a 
broadband signal having a main Q entered at cabinet resonance. 
Q is the figure of merit for the system; the higher the Q, the 
more efficient and sharply tuned the system is said to be. 

15 Motion of the cone 24 is linear because there is no 

pressure build up to alter its inertia as established by the 
electrical input signal and the VARTL 12. In addition, the 
VARTL 12 attenuates driver radiated higher bass frequencies, 
while lower frequencies which enter the VARTL throat 30 are 

20 inherently reduced and require less attenuation. This is 
considered an outstanding feature of the present invention, in 
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that the invention functions primarily to enhance sub-bass 
frequencies . * 

The present invention introduces to the front surface of 
the cone 24 an impedance dominated by a transmission medium of 
5 synthetic density in the form of the VARTL 12. Within this 
medium, the wave in attenuated (loaded) in a shorter distance 
without restriction of wavelength. 

The RRAWG 16 has no reflective properties and is disposed 
in close proximity to the front surface of the cone 24. The 
10 mouth of the RRAWG 16 allows acoustic pressure signals to exit 
and enter the VARTL 12 at a specific relative velocity, i.e. 
relative to that of the port 13. 

The VARTL 12 is not restricted to use in reflex 
enclosures, but instead can be used with virtually any bass 
15 enclosure capable of establishing and introducing sound 
pressure into the environment without requiring the direct use 
of driver front cone output, such as horn coupling, direct 
radiation, etc. 

Operation of the VARTL 12 will now be discussed with 
20 reference to FIGURE 2. FIGURE 2 shows a front view of the 
VARTL 12 of the present invention. 

15 
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As a signal enters the VARTL 12, it passes through 
alternating high density foam and lower density air. The area 
of the baffle board 20 expands radially as the pressure wave 
progresses toward the slotted mouth at the periphery of the 
5 waveguide 20. Upon arrival at the periphery, the wave is 
delayed and attenuated. 

The internal pressure within the cabinet 10 is equal to 
the VARTL 12 throat pressure only in the air volume near the 
vicinity of the rear of the driver cone 24. This pressure 

10 region is isolated by the interior volume of the cabinet 10, 
which accentuates the pressure and the resonate frequency 
activity of the port 13. At the same time, a passive 
reference signal of the VARTL 12 is reflected linearly. This 
passive reference signal, appearing at the mouth of the RRAWG 

15 16, has a similar negative pressure at the immediate rear of 
the cone 24. 

The RRAWG 16 output is radially introduced into the mouth 
of the VARTL 12. An external panel member of similar rigidity 
and dimension as that of the baffle board 20 is positioned 
20 parallel to the baffle 20 to establish the second waveguide 
14, with essentially the same physical area dimensions of the 
baffle, less the circumference of the RRAWG 16. 
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The ratio of normal density air to that of the synthetic 
density of the foam along the length determines a new acoustic 
length for the VARTL 12. Thus, the VARTL 12 of the baffle 
board 20 creates an acoustic radial transmission line for all 
5 frequencies produced by the driver 22, provided that the same 
acoustic load, i.e., consumes acoustical energy throughout the 
pressure cycle, appears on the driver cone 24. 

A desirable density of the ADTM 18 is 32 kilograms per 
cubic meter, while the normal density of air is 1.19 kilograms 

10 per cubic meter. The average density of the VARTL 12 is 
determined by the panel spacing which directly affects the 
system Q, wherein Q is the figure of merit for the system. 
Proper average density will cause consistent loading and 
adequate attenuation of the output of the driver cone 24 with 

15 long wavelength signals. The Q can be altered by varying the 
VARTL 12 panel spacing, the VARTL 12 mouth area, the foam 
density and dimension, and the mouth and throat area of the 
RRAWG 16. The length of the VARTL 12 is established by the 
dimensions of the baffle board 20. 

20 FIGURE 3 shows a side view of a conical embodiment of the 

VARTL 12, in which a single piece waveguide is used in 
conjunction with the baffle 20 and an additional panel member 

17 
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for an integral second waveguide. All other components in the 
system 1 are the same as used and discussed with reference to 
FIGURES 1 and 2. 

The acoustic reactance presented to the cone 24 must be 
5 constant for at least 1/4 of the wavelength of the pressure 
wave in order to eliminate non-linearity. Therefore, the 
VARTL 12 is effective so long as 1/4 of the length of the 
single pressure wave generated by the driver is subject to a 
radially expanding area which is of greater average density 
10 than air. Moreover, the VARTL 12 provides adequate air volume 
for peak velocities of the cone while absorbing and delaying 
the lowest desired wavelengths. 

The ADTM 18 allows a predictable and controllable VARTL 
12 reactance to be introduced with the waveguide without over 
15 dampening. The Q factor of the system is nominally critical, 
thereby giving constant amplitude response over the range of 
its output. (See Fig. 6) . 

Typically, frequencies as low as 20 Hz can be properly 
terminate in a finite baffle dimension of 100 square inches. 
20 Additional VARTL area gained by expanded dimension, i.e., flat 
extended surface, or folding along box panels, will further 
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increase the attenuation and delay without excess dampening of 
the cone. 

The port 13 is generally located on the cabinet 10 such 
that it is adjacent and at right angles to a major room 
5 surface to assist loading of the port 13 for long wavelengths 
signals. This assists in matching the port air mass to that 
of the room as an acoustic transfer phenomena. 

With the VARTL 12 properly designed, the drier 22 will 
not respond to foreign ambient reflections, because although 

10 the port 13 is a means of entry into the cabinet 10, the port 
13 is primarily sensitive to a narrow range of frequencies 
pertaining to box resonance and will not transmit external 
pressure changes efficiently into the cabinet interior. 
Moreover, the air mass within the cabinet 10 is damped through 

15 the driver cone 24 by the VARTL 12 loading, and further 
damping of the cabinet 10 interior is not generally needed. 

The ratio of port 13 area to RRAWG mouth area in front 
should be near 1:1 with a slightly larger RRAWG 16 mouth area. 
The RRAWG 16 mouth area and the VARTL throat 30 can be 
20 considered the same radial area. 
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As the area of the RRAWG mouth area decreases, the port 
13 impedance magnitude decreases at a greater rate than that 
of the driver 22, thereby altering the impedance of the system 
at its lowest frequencies. However, inadequate RRAWG mouth 
5 area affects both impedance magnitudes and results in 
excessive audible turbulence. Inadequate VARTL 12 open space 
area tends to dampen the resonate impedance peak of both the 
driver 22 the port 13, in terms of broadband response by 
limiting required air volume to maintain throughput velocity. 
10 This results in a less defined low quality as the Q is 
excessively low. Excess air space tends to produce an 
ineffective VARTL 12 as proper dynamic pressurization cannot 
occur, thus producing an undesirable boomy sound. 

The RRAWG 16 used in the system 1 will now be discussed 
15 in detail with reference to FIGURE 4. All other components in 
the system 1 are the same as used and discussed with respect 
to FIGURES 1 and 2. 

Before beginning the discussion, note that for sub-bass 
frequency reproduction (<100 Hz) , it is desirable to use a 
20 separately contained speaker system to avoid intermodulation 
effects which tend to appear with higher frequencies, to allow 
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for use of separate active crossover-amplification and to 
permit more flexible placement of the system 1. 

The primary function of the RRAWG 16 is to alter the wave 
direction such that it aligns itself with the parallel 
5 orientation of the VARTL 12. This must be done with minimal 
additional pressure on the driver cone 24 as established by 
the ratio of port 13 area to RRAWG mouth area. 

Mylar disc absorbers 52, 53 are disposed at the 
acoustical apex of the driver 22. The discs 52, 53 are of 
10 different diameters and provide dynamic damping by decreasing 
the vibrational decay time of the driver 22. 

Using air currents, the tensioned low mass and inherently 
quick recovering mylar-air mass damper will track the air 
currents and react to dissipate the excess energy stored in 
15 the box air mass and drivers cone-suspension assembly. The 
inclusion of the MDA 52, 53 insures superior detail and speed 
as the moving mass in the system is constantly dynamically 
dampened. 

MDA 52, 53 is surrounded by a non-porous membrane 54 
20 which supports minimal absorption together establishing the 
initial degree of pressurization at the surface of the cone 

21 
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with the pressure forces guided to the edge by the path of 
least resistance. A slotted area at the periphery of the 
inner non-porous membrane 54 allows sound pressure to escape 
into a second chambered area with a second outer non-porous 
5 membrane 55 topically located to allow sound pressure to 
escape at right angles to its surface and into the mouth of 
the VARTL 12. 

The RRAWG 16 is non-reflective and produces little stored 
energy at the surface of the driver. As sound pressure enters 

10 throat 30 of the VARTL 12 or the extended acoustical radial 
transmission line 15, which will be discussed with respect to 
FIGURE 5, it encounters only slight compression resistance. 
As the wave enters into the ADTM 18, it uses energy to 
navigate the porous cell structure where it encounters the 

15 baffle board 20 and second waveguide structure 14. The 
incident angle leading into the foam is small, which causes an 
inclusion of larger longitudinal areas of cell structures in 
short linear distance. 

The radially aligned guides cause the wave to repeatedly 
20 encounter the dense porous cell structure of the ADTM 18 
causing a spinning action before it exits to the mouth of the 
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VARTL 12. This process repeats until the signal has traversed 
the entire length of the VARTL 12. 

The inner and outer waveguide areas absorb long 
wavelength signals, while shorter wavelength signals are 
5 absorbed nearer the throat of the VARTL 12 with even greater 
attenuation at the mouth 34. Slotted areas are provided at 
the periphery of the baffle which serves to admit the pressure 
wave at a reduced magnitude and altered phase value relative 
to that of the port 13. The slotted areas can be circular or 
10 rectangular, but are generally similar to but less than that 
of the driver cone area. 

It is a requirement that adequate transmission line 
length exist in the shortest dimension i.e., VARTL throat 30 
to VARTL mouth 34, to react with one quarter cycle of the 
15 lowest frequency of interest. 

The cabinet 10 should be tuned to an adequate low 
frequency and active or passive circuitry should be used to 
properly attenuate the input signal to the driver 22 as it 
approaches driver resonance in order to maximize attainable 
20 sub-bass frequency intensity. 
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FIGURE 5 shows a VARTL 12 incorporating an extended 
acoustical radial transmission line (EARTL) 15. All other 
components in the system 1 are the same as used and discussed 
with respect to FIGURES 1 and 2. 

5 The EARTL 15 is useful with smaller sub-bass systems, 

such as in the case when the baffle 20 does not provide 
adequate area. An extension of the VARTL 12 formed by the 
first angle of the cabinet 10 edge and continuing along the 
cabinet walls tends to cause continued attenuation of the 
10 driver output before it is introduced into the ambient air. 
The EARTL 15 would permit smaller drivers and enclosures to 
load to lower tuning frequencies. A suitable EARTL 15 
comprises an ADTM on the outer, inner or both walls of the 
VARTL 12. 

15 FIGURE 6 shows a frequency response comparison of two 

different sized sub-woofers. 

The comparison is made with a microphone placed at a 12 
inch distance from the port. The top curve is that of a 5 
inch driver operating in an enclosure of 0.25 cubic feet that 
20 has an extended EARTL 15, which is discussed with reference to 
FIGURE 5. The bottom curve is that of an 8 inch driver 
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operating in a 1 cubic foot enclosure with a baffle area only 
VARTL 12, as discussed with reference to FIGURE 1. The larger 
driver requires less transmission line length versus diameter 
than the small driver to establish loading in order to achieve 
5 the same frequency response. However, the sensitivity of the 
small system is less. The same active filter-amplifier is 
used for both systems. The use of the VARTL 12 has normalized 
the low frequency response of two drivers , which are 33% 
different in size, and of enclosures that are 75% different in 
10 size. 

Noting that cone excursion is minimal at box resonance, 
maximum excursion at this frequency results in greater system 
effectiveness as a sub-woofer. Providing sufficient low pass 
filtering at the electrical input will reduce excursion as the 
15 system approaches driver resonance. Wavelengths get shorter 
as the driver resonance is approached from the sub-bass 
region, which assists in reducing the excursion of the cone 24 
at unessential upper bass frequencies. 

Active amplification systems are effective in signal 
20 response shaping. For instance, using the VARTL 12 in 
conjunction with an 8 inch driver and reflex enclosure, the 
output signal to the woofer from its amplifier at 30 Hz can 
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produce the same level as the same signal input to a 15 inch 
woofer requiring extension to 30 Hz. Thus, much greater 
relative efficiency is achieved by eliminating dynamically 
varying pressure imbalances at the cone of the bass 
5 transducer. 

Moreover, by reducing the reactive pressure imbalances, 
transient response is greatly enhanced and the driver cone 
motion is more faithful to the input signal. High level non- 
linearity is reduced as the high unsymmetrical pressures 
10 created in closed boxes and the random loading pressures 
encountered at the diaphragm of the standard reflex are 
avoided. 

While the invention has been particularly shown and 
described with reference to a preferred embodiment hereof, it 
15 will be understood by those skilled in the art that several 
changes in form and detail may be made without departing from 
the spirit and scope of the invention. 
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